In this work, we have used site-specific photocrossin close contact with TFIIF, suggesting that these two factors closely cooperate in PIC formation and in the linking and hydroxyl radical cleavage to locate the positions of the TFIIB B finger, linker, and core domains mechanism of transcription initiation. within the PIC. While we find that the B finger domain in PICs is located within the active center of Pol II, conResults sistent with the X-ray structure of Pol II-TFIIB, we find that the TFIIB core domain is precisely positioned on . In contrast to this model, the cut sites from nine B finger and linker residues, primarily located near three cys mutations positioned in the TFIIB linker (N91C, residues that are highly conserved among eukaryotic D103C, and V118C, Figure 1A ) are distributed in the fork, TFIIBs, were mutated to cysteine, and these recombiprotrusion, wall, and clamp regions of Pol II (Supplemennant TFIIB variants were conjugated to FeBABE. The tal Table S1 ; Figure 2F ) and are similar to those observed resulting FeBABE-substituted proteins supported tranfrom the B finger cys variants but different from those scription initiation in vitro with transcription activities generated by the TFIIB ribbon cys variants (Chen and from 30%-100% of wild-type TFIIB (see Supplemental Hahn, 2003) . We conclude that the location of the TFIIB Figure S1A at http://www.cell.com/cgi/content/full/119/ linker domain within the PIC is close to the B finger as 2/169/DC1/). PICs were assembled on an immobilized well as to the indentation formed by the protrusion and yeast HIS4 promoter using these FeBABE-TFIIB variwall regions of Rpb2 and the rudder loop within the ants, yeast nuclear extract, and the activator Gal4-VP16.
clamp of Rpb1 ( Figure 2F , 1994) . These TFIIB derivacarried out using nuclear extracts containing Flag epitives displayed in vitro transcription activities from 33% tope tag fusions at either the C terminus of Rpb1 (the to 90% of wild-type levels (Supplemental Figure S1B ). largest Pol II subunit) or at the N or C terminus of Rpb2 UV irradiation followed by incubation with DTT transfers (the second-largest Pol II subunit). Cleavage products the crosslinker to polypeptides located within ‫51ف‬ Å of were visualized by Western blots probed with either the C␣ carbon of the cysteine. The reaction products anti-Flag antibody or an antibody recognizing the N terare then analyzed by SDS-PAGE and autoradiography to minus of Rpb1 (Figure 2 ). Compared to control experireveal crosslinked polypeptides ( Figure 3A) . The crossments using the non-cys-substituted TFIIB variant (wt) linked proteins were identified by performing crosslinking or no FeBABE (Ϫ), specific cleavage fragments were experiments using extracts containing Flag-tagged tranobserved using the FeBABE-TFIIB variants. scription factors ( Figure 3B Rpb1 and Rpb2 were visualized by Western analysis structural region termed fork loop 2 (Supplemental Table (Figure 4) . The corresponding cleavage sites were cal-S1), which is located deep in the active center, were generated from two cys mutations at the tip of the B culated (summarized in Supplemental Table S2 ) and 
The TFIIB Linker and Core Domains Are Localized on Pol II Only in the PIC and Not in the Pol II-TFIIB Complex
In the X-ray structure of the Pol II-TFIIB complex, the electron density for the TFIIB linker and core domains was weak and diffuse, raising the possibility that these TFIIB domains may not specifically bind Pol II in this complex. In contrast, the above mapping data suggests that these TFIIB domains are specifically localized on Pol II in the PIC. One explanation for this difference is that DNA as well as TFIIF Crosslinks Extensively to the TFIIB Core Domain in PICs mapped to the molecular surface of Pol II. As shown in To identify other polypeptides located near the TFIIB Figure 4D and Supplemental Figure S2 , the cut sites are core domain in PICs, PEAS was attached to the TFIIB distributed among the fork, protrusion, wall, and clamp core domain cys variants, assembled in PICs, and crossregions of Pol II. The TFIIB core domain was modeled linked. As expected from the location of the TFIIB core onto the Pol II surface based on the cleavage locations domain on Pol II indicated by the FeBABE mapping generated from each unique cys variant. This Pol IIstudies, we observed crosslinking to Rpb2 with nearly TFIIBc model places the first cyclin fold in the indentaevery TFIIB variant ( Figure 6A) . Surprisingly, every TFIIB tion between the Pol II protrusion and wall regions and variant also crosslinked to Tfg1 ( Figure 6A ). PEAS inthe second cyclin fold close to the outer surface of the serted at TFIIB position H245 also crosslinked to Tfg2, wall region. The position of the first cyclin fold provides the second-largest TFIIF subunit ( Figure 6A) . The idena reasonable structural connection with the TFIIB linker, which is likely positioned near this indentation (Figure 2) . tity of these crosslinked polypeptides was confirmed and linker domains of TFIIB showed that Tfg1, the large subunit of TFIIF, crosslinked to both domains. This suggests that Tfg1 also lies near the active center of Pol II.
TFIIB Mutant Construction and Purification
Although TFIIF was not observed in this location in the 
